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(57) Abstract : 

PROBLEM TO BE SOLVED* To provide an electrolytic capacitor with an improved capacitance and 
reduced variations in capacitor performance by treating a surface of a dielectric oxide coating 
film of a chemically converted substrate, so that a conductive substance provided on the 
coating film becomes a dielectric coating film which can be brought into contact with a 
sufficiently large contact area having favorable adhesion. 

SOLUTION: There are provided (1) a chemically converted substrate, in which a valve action 
metal surface having a dielectric coating film is at least partially coated with an oxide 
comprising Si, a valve metal, and 0 on a valve action metal substrate having a dielectric 
coating film made of one kind selected from aluminium, tantalum, titanium, niobium, and alloys 
thereof, and, more preferably, the amount of Si in a chemically converted foil having the 
dielectric coating film decreases continuously from the surface of an aluminium oxide 
dielectric coating film towards the inside; (2) a method of manufacturing the chemically 
converted substrate of the above (1) including a step of chemically converting the valve action 
metal substrate in a silicate alkaline electrolyte; and (3) a solid electrolytic capacitor 
having a solid electrolyte on the chemically converted substrate. 
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wgm&maL'^y^&'hz < ft&) a*©SMffl«<& 

jm^mi»fcm^tmm3L<Dwmnm^-r, 

nzmc «fc *) mmi&m^w tvmmmmimmmK. 
mar&c tic &©£#* 6tt£„ 

[ 0 0 3 4 ] $ /c L C*5©Mbfcgfi©»«*i&-r o 

x^tc. m-ox. mm&BLmzm-r&itf&ffiftflucs i 
tm&b. -e©s i mtim<kT)v$~>5&mn#8mm 
zvmm&bte&vjjmizmmmicwjtvx^zmM* 

[0035] T>iz~OAimm&zm®HsX®im-§rz> 

^^(SiL-Cipil ~5 0mm. fi$l~5 0mm© 
ffiffl-C*n«J:<. W L *L<(*i}I2'-2 0mm. S3 2 
-2 Omm. J: t)iff$L< tt*I2~5 mm. S32-6 
mmX$>& 0 

[0036] wmztitciti&m&zm^zm&icte. m 
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om, wsm<o{ptji < i ^ i a^^tf^^^r 
ffii^. ^<DmmmM^o.mm%-3 o«»%. as 

#0°C~8 0*C. H^?ga*S0.1mA/cm'~lO0OmA 
/c m\ jbftBMtf 1 0 0ft&tf*}(»3k#Titmm&<D 

5 0'C. lMS* ! lmA/cm'-4 0 0mA/c 
10 m\ itffl$M&6 Oft&LftKDmmfoXgfcZmjZ? 

[0037] m&<Ditim&itmMM<Dmm. mrnmrn 

&mwtc -r wc jf^ 3 nx i > s mm t tc « 

^b^-a-^^Rg^ttSics^-rsci^-c^-s. m*. 

fbfiSS«?rffl^rfe. -€-©ar*fl:&Bi (^bT-»U5--) 
a) tcs i . a ij&vofrhtjiZwutMxmmutcitm 

S5rffll^c*^©^3>f I >-9-(Ccfcn«. #mss 
[0038] Si. A 1 a^o^^^-s^b^}*. t^-S 

fgrnzm^xmrnffltzuzjimc j; on^br^ s 

A©*M(cff^3 -a-s c £ #-c# -5. 
[003 9] S^t;1/* um«M^ffl^-5»ffi^-fb{c-o 

J:<. SSA'JfA. Sith'JOA. SK«jI/S/>> 
30 A. li'J^^Af^-r^^. aMT^AUB. * 

^{br^* •/ «&i>«Kiftr**; y (Sio ! 

£^JlK{b^l£^6)5:S«. -J&5£xM,0 • yS i 
O,) t&mMOX, ^^^©^©^ff-SCt^t? 

[0040] a^r;i-^ »; ©jgK«. f^ltt©ffi*»6if 

m©^aS*«a<b/5:^ffiH*iS{fn.5. 0 ^KT^ 

*> , j<Dmmicj:^xmf3:z&. Mwa~ h y *>a, 
^awj w>. a^^- h y ^ a©»^{c 

«. 0.001~15«a%. $f*L/<«0.01~l on 
40 %. L<«0.05~5®S%-C*^>„ 

[0041] s^t^* y mmmxo^imum^ mm 
. mmi- b y •> A©t§^c«. f- y >5ArfiK 

#0.01— 1 0gS%©ffiBte*j(,>Ttt. 1 0-1 00"C 
gSt&SAJ, C < « 1 5 ~ 9 5 °CX$>2>. 
«^g.J: < . L< ttjbfiSB#©a?g^ u^Jb©H 

< ER 0 r»® L/ ft I >*tg©m L- T I > 

[0042] aK7;w y igmx<D<tfm<Dwfa®m. 
so fbsmiK. ibs3tas©w^®tc^3nfctim^ 
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». rnm#&mt,cmv^mm&5-z.%:^ 1 o o~5 o o 

°C<DUm, J: i 3»$L.<W200~400'C©ffiffl^<fc 
[0043] 'A^-C. ^(ciSCr. iti$M®.<Dimm. 

mtcBi&2titcmm&gmi l cmm*5-z-z c < . it 

>*x^A&£©4>14©i&£$£?^§??££JB<,>. ^<D^ 

^*ggo.95~2 omm%. mo~9 0"c, nffi&& 

0.1~ 2000m A/ c m' . jim^FM 6 0 »JWF"3<0^#t?<fc 

[0 044] *^BJ©@^:^3>f r >1f-C». 3>7 t 
>-WR^F- ( 2 ) © 1 09©»rffl£S 1 CCtkTJ; ^(c v 09 A 
«s i . a iso*o^6^€>^b^r^bfc^bT^ 

S«LL ( l ) tc, @{**j|?jt® (5) iiriittl^ 

[0045] *?m<Dm#wM^^>7 : i'y-icm^t>tiz> 
mizmmnzmffr? *> mmmm&mtvm. s n & t, . 
&%v< it 7tn**t'&mm%izm-r?>mn&m<&fa m 
*>#*&&*rr&fbtm &mvtx)i7ih' 

[ o o 4 6 ] mn&m-&&<Dj>mt itm^ns*^ 

v-©^. 7^7 ^^W^WT-Sfb^iUr^. 
X a-t/oex^:*-:?*:/, 3-:/7Mi/^:*:7*>, 

3-^>^j|/^^-7cc> s 3 3 
--^zf^-jv^y 3-^9?;W7i>, 3- 
y'^.jl/^^-^x^. 3 -■5 S ^^*7*> V 3-7;U^- 
a?^-7^>, 3-i-CICIft7i>, 3-^d*?-^- 
7*> v 3 -Z/T J s.ls * 3. l-isJ^Jl** 
3. 4-^x^rt>^:fr:?x>. 3, 4-rf?l< 
>?*y^y, 3. 4-^?l/>^->^7i>, 

3. 4-x.?\s^**i/?*y *>m<Dmm#*mtf 

Tl>£{b^£/c«<&*D©?j& (Wfctf, Synthetic Me 
talst£, 1986*?, 15^, 169H) -CiMTC^ 
[0 047] gfc. MZl*. %>m£*hv ■< K#&£W 
-rSlb^JtUTtt. «*.«. 1. 3-S>tKP^iStt 
Xfoy-iYimZ. 1. 3-^b FQO'/ [c] 5^3}- 

sfb^w. l. 3-ytKat7h 

[2, 3- c] 7 WT£fb^*s<^T 

S6«C»1. 3-yhKn7>F5 [2, 3- 
c] ^^-7*>#tS>&Wr^b^. 1, 
•i-y**.; [2. 3-c] ?^7^>#tS*WrSfb^ 
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5&^^*J J:^*B#f^ 5, 530,139^HJjfi#iB4S(D^ 

Sk: J: o £ c i *sr £ h . 
[0 04 8] FRtf, 1. 3-i/tFot7h 
[1. 2-c] **7*>#tt**TSffc£». 1. 3 

-ytKD7xt>h5 [2, 3- c] **y *.isW& 

». 1. 3-ytFaF';7i-a [2, 3-c]^tf 
7 x >fMflt5it^5, 1. 3-ytFo<>y 

[a]y>F7-fe/ [7, 8- c ] **y *ymmwm 

10 [0 04 9] m^miC^MttcUN-^^^^mMiC 

^ttik&vtb&m-csz. mxa. i. 3-j?t po* 
[3, 4 -b ] i. 3-ytFa 

?i^[3, 4-b] 4 1 > r 4 t lM.j;/-4-**f F. 
1. 3-ytFc?-x/ [3, 4 - b ] + ^+lMJ>- 
4, 9 - y^+V F^4f ifSC i^ttSAS, C*l6 

[0 05 0]gfc, b-n-ju^t&^-r-S{b^<bLT 

it. ffl%.it. 3-^WfO-JK 3-i^Jl/fP- 
;k 3-7'at^fa-;K 3- 
20 ^^rt-fcTP— )l. S-^^Jl/fc'B-;!/, 3 -^y? 
*ta-;l/, 3 -Jti'^;l/fB-;K 3-y^-^t'n- 
;k s-f^L-fa-^K 3-7Wnfn-jK 3- 
i'ook'p-*, s-T'nttawK 3-->7/fo 
-;k 3. 4-y>^fP-;K 3. 4-yi^f 
a-;k 3. 4-^i/>fa-;K 3. 4-^^u> 
y*^b'i:-;k 3. 4 -x?- b>^:j-^>b*n-jV 

[0O5i]ifc, yy^^^-t^l^mt^x 
30 « v 3-yW75>, 3-x^;l/^^>. 3 

-7"DbVl/^7> > 3 -y^-foy^Zs, 3 -^ZsZ-Jly 
y>. 3 -^^i^;U7^>, 3 -^\7'?;l-77>, 3- 
t?f)l'7 5>, 3 - 3-7^^1-7-7 

>. 3-7WD77>, 3-7n077>, 3-7"D 

3-~>T^7^>. 3, 4-^^77 
>. 3. 4-^x?^7 7X 3, 4-7"?b>7v 
>, 3. 4 -^^U>^^+^7^>. 3. 4-x^U 

>z;**^y ; 7>m<Dmm#&mi-fhinz>i)i. cn?»cc 
Kens^ortt^c^ cn6©{b^«rfjiSn D Di/c« 
40 ^©*^ri»«-c#.5o 

[0052] s^©^}*. ^«a^-cfc. it^mitm 

fHilttl^^MtS^iir. 3. 4- 
x^ \s>i?**i/?-*y * is*; •?-~mfmm\%:M$i 
L < itmrnoBifeicist. >x . SO * {cgyg iti /c«-^ 

{cumft^aiitc^L-c^-rs^ (#$W2-i56i 

l^$R,*H#rF»4 ( 910,645-^BJiffl#) ^^^PlO-32 
50 145^^$R (*ffli|f^6,229 p 689^HJi|i^) ) 
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[0053] — «tc. mnmm-&&tat, f - 1 > y#g 

©*-Mfc^} ( F-'O F) *iffi!3h5*i, F-/<> 

F«*^H§&£i^fcm&&©i^ntc^Gr&& 

^^^^JR^©^*)©-? K-/N'>hi 

>U*>». 7> h^*^>X;U*>&& £'©&£»,>£ 10 

[0054] *^©lftS)S3>7 i >tSW, @# 
<5) ©itc. HMU-Ftt?- (7) £©«» 

wm#m mm**?) *m-)& mi > . fttrriMHR 

(6) (CttSU-Ftt?- (7) £}£|sSU 7;I/S{b&« 

( i ) zmm&t i/RMy - fm? (a^-a-r) 
«*u T^s-^AfbRsa« (i > ^fiffigpiopsffiy 
-f»f- (.mfnu-r) zmmu. Mx.tfwnre-A'F. 20 
mm*--** &mu<D9m>r-z. mm?* »tr>y» 

[0055] *%HJ©SBMa^®g=J>7 i >-y-«. 4> 

& < £ & 3 >x 2 tean l /c»ji§9© a > 

&Cfel>Ttt. U-F7U-A (8) ^ffiSXO. -9*>3i 

(7) v ( 1 o) ©sa*y-F7ix-A©MiPj-r5K? 30 

[0056] >; - F 7 U- A©«if4«-®fl<jKffiffl3 n 

i«Cu-NiI, Cu-AgS, Cu-Sn£ Cu 
-FeS. Cu-Ni-AgJS v Cu-Ni-Sn^ 
Cu-Co-PSR. Cu-Zn-MgS, Cu-Sn- 

n i - p&£&g» <Dttmi>b < temmicmmvttfto 
* v *£5a£Mo/cwm?«i&-rfttf y - f?u--a© 

[0057] SiIiMi3>f>t (ll)tt, 0 
2«C»r®0£^-r<fcte9. Plffigp (9) (c&£Lfc»- 

f^u-a (8) tcy-F^T- (10) zmsu. mw 

WSiW (5) . x MIfc<fctf£li*&$W 

suttee *»6&*ig@gi5 ( 6 > (c y - m ( 7 > 

U 3&«C*»*xi|«+i/ttJ!g9(0|ft|BtttJ|B (12) 
[0 05 8] 

[HJfi^i] ttT«e*»wcoi»rf^w&«£^Lj«*: so 
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3>^>-y-^CC5£tSmiE (2V) £EPM£. 

i««©»n«iswa (Lo ^awjeu m (ls*<,>) m 
%o.o3Cv tumtiiutcmti'mifc (lo &&tvx 

[0059] mmmi ; t^-x^a^is (h*§« 

SXISI^^^ttCJCC) ^110U22B4Vf (^„ a n «) ) (5£ 
*&&)WmEE: 4V f ) £^»rU vx*>y**(3) 
■C^ffiaJiSffigP^^. P^ffiSBt-r-Sffld^ 2 5°C©5 
»fi%->^^7k^?gTl 2 0#W{tfi£L. *j5fcbfc. 

jtorvc. j£i^Fy^Ao.ijts%*?gi&£Mu s 

14 0'C, SE4V. H8fE3fg5mA/cm\ 9S^I 

mi oft<Dg&?<mutc a -e©s(c-o^rxps^«r 

Ufc£#©S i (l0l.97eV) % O (530.94eV) . A 

1 (73.98eV) ©ifcMx*n^H»©MGii?:03. 4 

[oo6 0]2a>r\ »f»nfccn6©{t^?5^, 35 

0'C-C3^©^S€rffo/c«. miPSgib-CT^f 
>I87>*^A1 OSi^^I^tiU, as 5 5 

•c. iE4v, ^S5mA/cm\ mmmm 1 0 
ffivBnmm* . m«??stt 1 0 »m% r ^ t >i7 > 

x<?A*fflt»rSiJ^L/c. ^©*£3l£3t 1 {C^To 
[0 06 1 ]^ 3. 4-x^U>^^ 

>©-f v o*a tVl/T^n-^vS 1 

^-■JA, 1.8*^/1) £F-;Oh (T>h^+y 
>-2-x;^>^^ Fy >?a v o.o6^ju/i) ©s-^- 

*^tcaMt, 4 5'C, 5^raSCSU/c 0 C©114 

2 5 0^0^11/. mm&m£#m (5) ^jfM 

u-cmmmzBi&L. mi icm? n >^> -y-^ 
4ff/t. ^tcy- F7 u-ACc^Sfflij«^-x h-c. 
ISSffliJ«^-C. ^^2tStSia-CiBgU/c 0 -e©&, 
^**^-^FfflSMiK:r»iLU. 3>f r >^*^b 
/c2 V. 10 5 -CTT- 1 B$fflx-^> ^MS* 0/c«> 

[0062] mmm2 y^sx^A^gcB^sm 

^X^tt^tt (J CO Mll-OU22B4Vf (0 n D o «) ) 

(^tSfitlgimffi: 4Vf ) £$J8rU 7^>^ 
(3) r«?@S|5£|^@gp{C^W, BEffig»£T-5»flDJ*2 5 

•c© 5 «fi%-> a -5 m*®m-c 1 2 0 #ra^tfis 0 . *?5fe 

U/c. ^l^T. SK^ F y ^A0.lMS%*^©f^to 

{c^-r. -e©»§(cot,»rxps^t/c<!:^©s i (10 
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2.50eV) . O (531.26eV) , A 1 (74.28e V) © 

CO 0 6 3] nMM3 : 7>\>$~yMti&m (B#gS 
glifl^M (J CO S110L322B4W (iS,&:g) ) 
(SEttfiWWtffi: 4Vf ) £9J»rU 
(3) -CPiEggPiraegPtCW, ^SSUi-r-SffiiJ5r2 5 

^"C. ^^hy^Ao.lgfS%;fogj£©ra3 

cfc 0 3 >7 J >^^bfc„ ft ^nfca >7 I > 

(C^f„ -e©g(Col>TXPS##fU/c££©S (102. 
68eV) . O (531.39eV) , A 1 (74.48eV) <OM 

m^-^fi^-mcom^m 3 . 4 cc^t„ 

[0 0 6 4] ^6SPI4 : 7^ S -3 AJbJg»B (BfSl 
glSHfc^tt (J CO SS110LJ22B4W (ffl&g) ) 

"C£tS£JWiJ3E : 4Vf ) *^»rU v^+>^ 
^3 ) -eBMiKiSgPCC^W. |ggg|$£irSffl!|£2 5 
•e© 5 si%-> * * 1 2 0 *W bEK 0 . 
b/c 0 h y^Ao.isis%*?§i&©tt*> 

-?-©fiii;§fi. iin^itiit^i'jSL. -e©*s*£m 

tC^-To t<DmiC-z>^rXPSfrffiVtct%<DS i (10 
2.86eV) . O (531.81e V) . A 1 (74.43e V) © 

[0 0 6 5] SOftW5 :< bfig?g£l 3Vffi (B#g* 
gl^fcS^tt (JCC) SJl00LJA19B13Vf (^ D D D «) . J£ 
1&&MIfmjE : 1 3 V f ) h V V A5.0ftS% 

«©^fP(cJ:0 3>f r >1f^KL//c„ 6.3V. 105 

•crt?ii^iBix-^>^«ia*L/fc^ puss, iiti 

#tttt> 3>f*>^*^«:5g»«JE (6.3V) £EPJJD 

03C vi UTfftutsfciititt2jfE$S£ ursffiL/c 

[0 06 6] SHEW 6 : 7;U5-9AJbJ5$g (B#gS 
gllgft^^a (JCC) SillOU22B4Vf (iSiiS) ) 

(5Et&£ffiiemjI : 4Vf ) ^x + >yivt 

(3) -CNtffas&mSaiHcatt. MS@S&£-rSjIiJ£2 5 
•C©5Sa%^*^K*^?R-Cl 2 0fHMtfi£U 7ki5fe 

fflU SS8 0*C©^ft-C^ffiLfc. *<0fB«coi»r 

XPS^Uctt©Si (l02.78eV) . 0 (532.07 
eV), A 1 (74.34eV) (DWMx. * )V=¥~m<Dm% 
£03, 4«C^T„ 

[0 06 7] ^-c. f#e>nfccne»©{tfiSig£. 35 

0-Ct?3#rtf©&toH£ffofc&, MibTTvf 
•C. ^BE4V. «tBK5mA/cm'. 9*I$H 1 0 
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^•©^frrfbSL/^. cn6©teatcj:ot#6n/c^tJ5S 

[0 06 8] |g@SP£. 1, 

A. 0.06*^/1) ©fi^*J^K*»U 8 0*C. 1 

o^ra&atfc. c©x@£2 omm'omL, 

3MC >J- F7 U-AtCMtfiMttffi^-^ h 

r. »Sffi»8&-r> 4*?-&2ttSfeTeBLft:. -to 
)&t,fc2V. 10 5'CKmffli-^?Jffl?:t,fc 
1 K.fnT. 

[0069] mm i j mi- h v?2»*mm<DKt>*) 

20 ». *J60!I1 ilH«©^(Cj:f)=i>7 r >-9-?r^L/. 
j^accJ:oTf#6ftfc<biK?§©i?«;g»£. S^fc 

i oKs%T^f>KT>*-^A^ffl^ra'JSi//co 
cn6©s«?rai (c^-r. -e©iscco^-cxps^«T 

Ufci^r©0 (530.8leV) . Al (73.96eV) ©^ 

[0 07 0] ttmm2 : i tfSm* l 3Vf|g (B*SS 
Sim^^^tt (JCC) Sl00L3A19B13Vf ((gtft^) . ^ 
tS^KiSfmil : 1 3 V f ) -Citf&mKi 1 3 V i bfcjy 

30 mt. ibt5^ i iiu«i©8femc j: o ^ >fi/i>-*rmL 

tc. 6.3V. 1 0 5 -CTr 1 ISfSx- SP^jaJSS: ^fc 

(6.3V) ^EPftis. iftmvmti'mwLmz&'im.v. m 
(l*io ffi*o.o3Cviur#ab/'ciiins8fe*ai 

[0071] mmmi ; 2 5-c^>^>5K5Ka%©f^t> 

ok:. 5 STOryt^iT^t^-JA 1 oii%4ffl 
^TfbJjSLfcfeWa:. Hife^l t|g«©glfP{cJ:»3=»> 

^©s**« 1 tc^-r. 

[0072] ttmm3 :m mi- h y -5 a*^©k^o 

tcryt>»T>*-f A 1 0Kfi%*Sjg<!:L//c^ 
tt. 1 iPI«©g|f^«: J: D 3>f i >-»)-^SiU. 

^afCcfc^rw^n^b^fgoum^a*. sjssttc 

1 0»a%7^f>mT>*-"5A?:ffl^-raiI^b/£:„ 

[0073] ttmm4 m mv - ? 1 mm%*®wxit 
50 ^if^R^otc. um.9 5"c» li^^-h y-^A ik« 
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twit mmwi tmm<Dm{ticj:K>^>7 : >v*ftm 

(Cl 0It°/o7yf>®7>t^'J' A«rffll>TSiJ^L/ 

[0 07 4] it^gH5 : JbE£?Sfc23Vfli (B*3* 
glt^^tt OCC) Kl0OUA19B23Vf (SS,&:S) . % 
{g^MWHE : 2 3 V f ) -C{b«&«EE£ 2 3 V £ L/cjy 
W*. Jt^W3i|gI«©^fP^J:D3>7 r >1f^Mb 

/c 0 i o v . 105 tTc i bjihx— s?> ^mm^vtc 
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(1 0V) SrEPJjDfg. l#&©i«ft1iafEffi£8'J5£U 19 

[0 07 5 ] tLg®6j_{bfi5K5?r 2 3 V f® <B#g1I 
(JCC) S?100UA19B23Vf <?£&«) . Jg 
t&fbfiSHIx" : 2 3 V f ) VitmnEEZ 2 3 V £ 

«. mmm i £iai«©»fg«:«fc o 3>^>if*-T-*ffi« 

Oft:. 10V, 1 0 5°CTr lB^ffflx-^^S^l/ 

si i ictjk-r. 

[0 07 6] 





UF) 


mm 

(/iF) 


LC(*1) 
(%) 


ivF/cm 2 ) 




64.38 


5.66 


93 


332 


mmm 


68.21 


4.57 


91 


334 


mmm 


68.14 


2.09 


88 


329 


mmm 


67.95 


1.88 


96 


338 


mmws 


31.84 


4.16 


98 


145 


mmm 


66.20 


4.91 


92 


335 


mmw 


63.19 


1.89 


96 




tmmi 


52.91 


9.58 


53 


333 




31.28 


8.53 


66 


143 


tmm 


57.34 


5.14 


90 


341 


w&m 


60.25 


1.94 


93 


326 




15.99 


0.95 


91 






16.06 


1.02 


90 





*1 LC :«tutsia 



[ o o 7 7 ] * i frt>. mmi- h y ^ A*^?s-c{b^M 
S(c J: 9 f#6ti/dbfig?I©^?K-c©#*^» ( // f / 
cm 1 ) «. glg^h y$A*Hi*l,&i»fc© (tbSW 
1, 2) tib^LTl^^-C^-S^ 3>7 i >-9-(D#m 
§S (*iF) (HJte0Dl'-4iJ:b^ 

w i . mmm 5 timm2 ) . stcmimmim 
y*) svlc^s (%) fer6]±ort^. 

[007 8] S3. 4*>6> XPSrS i RtfCXDJ&Jf 
x*;l/+*-«. s i 0,©S i (lO3.40eV) . O (53 
2.85e V) -^>S i #H<DS i (99.15e V) frh < 2>m 

«A 1 ,0 3 ©0 ( 530.55eV) ©sfciSx*;i/**--c&& 

[0079] mm* h y A*®?$-c{bj&!>i5ift <fc o t# 

XUi«U&i>6© <tb^3) . fflttHJ")^;!- 



«*fcffofc*>© (Jt««4) £J*l&LT*:»Ect>*i. 

3>7 s >tf©#«?f»{i^#<&-,-c^-5 0 sfcftws 
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